There is growing concern regarding the generalizability of findings from randomized controlled trials (RCTs) of interventions for substance use disorders (SUDs). This study used a selection model approach to assess and improve the generalizability of an evaluation for a web-based SUD intervention by making the trial sample resemble the target population. Methods: The sample of the web-based SUD intervention (Therapeutic Education System vs. Treatment-as-usual; n ¼ 507) was compared with the target population of SUD treatment-seeking individuals from the Treatment Episodes Data Set-Admissions (TEDS-A). Using weights based on the probabilities of RCT participation, we computed weighted treatment effects on retention and abstinence. Results: Substantial differences between the RCT sample and the target population was demonstrated in significant difference in the mean propensity scores (1.62 standard deviations at p < .001). The population effect on abstinence (12 weeks and 6 months) was statistically insignificant after weighting the data with the generalizability weight. Discussions and Conclusions: Generalizability of the findings from the RCT could be limited when the RCT sample does not well represent the target population. Scientific Significance: Application of generalizability weights can be a potentially useful tool to improve generalizability of RCT findings. (Am J Addict 2018;27:231-237) 
INTRODUCTION
Substance use disorders (SUDs) impose significant societal and economic burdens. In spite of high prevalence of SUDs and its various negative health consequences, 1 many individuals with SUDs do not receive treatment. 2 Blanco et al. 3 estimated that only 13% of those with drug dependence and 5% of those with alcohol dependence sought treatment within the first year of the disorder onset in [2004] [2005] in the United States. Although there are a number of effective evidence-based interventions for SUD, 4 strong stigma toward these conditions 5 and the limited access to SUD specialty treatment 6 often prevent those with SUDs from receiving effective treatment. There is a clear need for SUD treatments with greater acceptability and accessibility.
Web-based SUD treatment is a promising behavioral intervention to treat individuals with SUDs who may not be willing or able to receive traditional face-to-face interventions. 7 A systematic review by Moore et al. 7 found that webbased SUD interventions decreased substance use, increased retention in treatments, raised patients' motivation to change, and improved knowledge of SUDs as compared with standard treatments. A web-based SUD treatment can offer potential benefits including lower implementation cost, greater scalability, greater accessibility in remote or rural areas that have limited options for SUD specialty treatment, higher confidentiality, 24-hour accessibility, opportunities for more frequent and longer intervention duration, and greater convenience and flexibility of access from patients' homes without a need for appointments. 7, 8 A growing number of randomized controlled trials (RCTs) demonstrated that webbased SUD interventions had higher treatment retention and resulted in greater motivation to change, decreased substance use, and greater knowledge about SUD as compared with treatment-as-usual. 7 Moreover, some studies have shown that web-based cognitive-behavioral SUD interventions combined with Contingency Management interventions are effective in treating SUDs. [9] [10] [11] The promising treatment effects shown by the RCTs of web-based SUD interventions, however, do not necessarily guarantee the external validity of the findings to different populations. Particularly, limited external validity of the findings from RCTs is a concern when the characteristics of RCT participants are different from those of the target population for whom an intervention is intended and those characteristics moderate treatment effects. There are a growing number of studies suggesting that the participants of RCTs may not represent the target populations well, especially in the context of SUD treatments. [12] [13] [14] A recent review by Moberg and Humphreys 12 found that commonly used exclusion criteria in RCTs of SUD treatments would exclude between 64% and 95% of potential participants. A study by Susukida et al. 15 directly compared characteristics of participants in ten SUD RCTs with the target populations of individuals receiving SUD treatment in usual care settings and found that a significantly higher proportion of the RCT participants had higher educational attainment and full-time jobs than those in the target populations. Another study by Susukida et al. 16 examined how lack of representativeness of the SUD RCT samples affected the findings of the RCTs. The investigators 16 used statistical weighting techniques to make the SUD RCT samples resemble the target populations and estimate population treatment effects, and showed that significant sample treatment effects often became insignificant after weighting.
Web-based SUD interventions potentially have greater scalability to broader target populations than clinic-based interventions. However, very few previous studies assessed the representativeness of the RCT participants of web-based SUD interventions as compared with the intended target populations, and whether and how the sample representativeness impacts the generalizability of RCT findings. A recent study by Blanco et al. 17 directly compared the RCT sample of the web-based intervention, the Therapeutic Education System (TES), with two target populations: individuals seeking SUD treatment and individuals with SUD regardless of their treatment seeking behavior, both drawn from the Wave 1 of the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), conducted between 2001 and 2002. These authors found substantial differences in characteristics between the RCT sample and the two target populations and also demonstrated that the treatment effect of TES became insignificant after the sample was weighted to resemble these target populations. However, illicit drug use in the US has been increasing in the past 10-15 years and the NESARC target populations used in Blanco et al. 17 may not appropriately represent the current population with SUD. Approximately 9.4% of the US population used an illicit drug during the past month in 2013 compared with 8.3% in 2002. 18 In addition to the higher prevalence of illicit drug use in recent years, the composition of those with illicit drug use has also changed. According to the report of the Substance Abuse and Mental Health Services Administration, 19 the higher prevalence of illicit drug use among those 12 or older in recent years was primarily due to increases among those aged 18 years or older. Moreover, among various illicit drugs, in recent years marijuana and heroin have particularly increased in use by those aged 18 or older. 19 Given these recent changes in nationwide trends in substance use behaviors, it is important to assess the representativeness of the SUD RCTs compared with more current target population. Furthermore, in Blanco et al., 17 both the treatment-seeking target population and the general target population were drawn from the same source, a general population survey that did not capture marginalized population groups such as homeless and/or incarcerated individuals.
The aims of this current study were (1) to assess the sample representativeness of an RCT of a web-based TES with the target population of individuals with recent drug use admitted into SUD treatment in usual care settings, and (2) to estimate sample treatment effects and the population effects of the web-based intervention. Unlike the study by Blanco et al., 17 this study used more recent target population, which was drawn from administrative data on individuals in treatment settings, including patients referred to treatment through the judicial system and marginalized population groups.
METHODS

Data Sources
Data for the TES RCT sample were drawn from the National Institute of Drug Abuse (NIDA) Clinical Trials Network (CTN) Data share Website. 20 This TES trial was part of the CTN studies, which are multi-side nationwide RCTs actively engaging diverse populations in community settings instead of conducting trials in specialized research settings. TES is a computerized psychosocial intervention of skill building modules with modest incentives of opportunities to draw vouchers for congratulatory messages or monetary prizes (mostly $1, occasionally $20, and rarely $80-100), which are provided upon completion of the modules and abstinence from substance use. 21 The 12-week trial successfully included a relatively larger group of study participants (N ¼ 507, recruited between June 2010 and August 2011) than previous web-based SUD interventions. 10 Participants seeking outpatient treatment for SUD treatment who reported any illicit drug use in the past 30 days were randomized into two arms. Individuals were excluded from the trial if they were receiving opioid replacement medication, planning to move to different areas within the next three months, unable to provide informed consent for trial participation, and/or lacking English proficiency. Out of 1,781 patients who initially consented to eligibility screening, 850 patients were excluded, and 424 patients declined to participate in the trial. 10 One arm received treatment as usual (TAU), comprised of standard SUD outpatient treatment, and the other arm was TAU plus TES. Illicit drugs assessed in TES included cocaine, amphetamine, cannabinoids (THC), methamphetamine, non-prescribed benzodiazepines, opioids (morphine, codeine, heroin, oxycodone, methadone), barbiturates, and MDMA.
The RCT sample was compared with the target population drawn from the 2012 Treatment Episodes Data SetAdmissions (TEDS-A)-the most recent data available at the time of this writing. The TEDS-A is an administrative database maintained by the Center for Behavioral Health Statistics and Quality (CBHSQ) of the Substance Abuse and Mental Health Services Administration (SAMHSA). The TEDS-A includes annual data on more than 1.5 million admissions of individuals aged 12 years or older to publicly funded SUD treatment facilities across the US. To make the sample comparable to the RCT sample we limited the TEDS-A sample to patients who were 18 years or older, received treatment in outpatient settings, and reported illicit drug use in the past 30 days. Since only a small portion of the TEDS-A were missing variables used in the analysis (n ¼ 14,712, 2.4% out of 610,766), we conducted statistical analyses with complete cases (n ¼ 596,054).
Measures
There were eight common variables assessed in the RCT sample and the target population: sex, race-ethnicity (white, black, Hispanic, and other), age (recoded into 18-34, 35-49, 50, or older), educational attainment (less than high school, high school, more than high school), employment status (full-time, part-time, out of labor, unemployed), marital status (Never married, married, separated/divorced/widowed), intravenous drug use, and the history of past treatments for SUD.
Two outcomes from the RCT were generalized to the target population: successful retention in the study and abstinence from substance use. Successful retention in the study was defined by remaining in the RCT at each assessment point, which occurred at the end of trial (12 weeks), and at the 3-months and 6-month follow-ups. Study participants were considered "abstinent" if they submitted a negative urine toxicology sample and reported no drug use or heavy alcohol drinking (ie, daily consumption of five or more drinks for men and four or more drinks for women) in the prior 4 days of each assessment point. Both outcomes were binary measures.
Statistical Analysis
We first compared the RCT sample with the target population with regard to the eight observed characteristics noted above. Pearson's x 2 tests were conducted to compare the composition of the RCT sample and the target
each category (eg, White patients vs. NonWhite patients). The cut-off for statistically significant differences between RCT and TEDS-A samples was set at p < .0028, which was adjusted at .05/18 ¼ .0028 for multiple testing correction.
Next, we estimated probabilities of trial participation based on the eight variables, for every individual both in the RCT sample and the target population. The participation probabilities (related to propensity scores for non-experimental studies) were estimated using the R package "randomForest."
22 While the random forests approach has the ability to reduce outlying propensity scores, 23 we still encountered some extreme values of propensity scores. We used weight trimming, also referred as truncation, in which we replaced extreme large values at the 95th percentile values following the method introduced in a study by Lee et al. 24 in order to improve the performance of the propensity score based weighting.
After estimating the participation probabilities for each individual, we calculated a difference of mean participation probabilities between the RCT sample as a group and the target population. This mean participation probability difference, Dp, was introduced by Stuart et al. 25 as a measure to evaluate the representativeness of the RCT sample as compared with the target population. Standardized Dp, which is Dp divided by the pooled standard deviation of the propensity scores, is a summary index representing the difference between the RCT sample and its target population. In observational studies, values of Dp larger than .25 are generally considered as an indication of substantial difference between two samples. 26 Mamdani et al. 27 suggested a more conservative cutoff of Dp larger than .10 as indicating a meaningful difference between two samples.
We calculated the participation weight for each trial participant as (1 À p)/p, with which weighted outcome regression analyses were conducted using STATA pweight command (version 13) to estimate the population treatment effects. This weighting-based method allows researchers to estimate the treatment effects in the target population. This method is similar to inverse probability weighting method for non-experimental studies, with which the causal effect is estimated by making the unexposed group similar to the exposed group based on the commonly observed characteristics between these two groups. 28 This study weighed the RCT sample to resemble the target population. We used inverse odds weights, (1 À p)/p which are considered to be more appropriate when the study sample and its target population do not overlap, 29 such as in the case of this study where the RCT sample was not part of the TEDS-A sample. We used logistic regression models for two types of binary outcomes (retention and abstinence). We did not control for baseline characteristics in regression analyses, assuming that randomization was successful in each trial. We then statistically compared the effect sizes of unweighted and weighted models, with the STATA suest (seemingly unrelated estimation) command. 30 Table 1 presents the characteristics of the RCT participants and the target population. As compared with the TEDS-A target population, the RCT sample had significantly lower proportions of individuals with intravenous drug use, and those with a history of prior SUD treatment. On the other hand, the RCT sample had significantly higher proportions of individuals with 12 years or longer educational attainment and with full time jobs, as compared with the TEDS-A target population.
RESULTS
Comparison of Characteristics of RCT Sample and Target Population
Comparison of Propensity Scores of RCT Sample and Target Population
The estimated mean propensity score for the RCT sample (.77) was significantly larger than for the target population (.26). The standardized Dp (Dp divided by the pooled standard deviation) was approximately 1.62, which was substantially larger than the .25 standardized Dp cut-off suggested in the literature . 26, 31 Numbers written in bold letters indicate statistically significant differences between RCT and TEDS-A samples at p < .0028 (cut-off of statistical significance was adjusted at .05/18 ¼ .0028 for multiple testing correction). Table 2 presents the unweighted and weighted treatment effects on trial retention and abstinence. Odds ratios (ORs) from both unweighted and weighted logistic regression analyses with the 95% confidence intervals are presented. The unweighted treatment effects represent the effects in the RCT sample while the weighted treatment effects represent the effects that would be expected if the RCT sample was made to resemble the target population. In unweighted analyses, treatment was associated with significantly greater odds of abstinence at 12 weeks and 6-month follow-up. Significant treatment effects on abstinence at 12 weeks and 6-month follow-up became statistically non-significant after weighting with the generalizability weight. The treatment effect on retention was insignificant both in the unweighted and weighted analyses. For both abstinence and retention outcomes, comparison of treatment effect sizes did not reveal significant differences between unweighted and weighted models with the generalizability weight.
Comparison of Unweighted Outcomes and Outcomes Weighted by Propensity Scores
DISCUSSION
This study demonstrated significant differences between the RCT sample of a web-based SUD intervention and target population of potential recipients of the intervention. The composition of the RCT sample substantially differed from those of the target population. Furthermore, the summary index of these differences, Dp, far exceeded the standardized Dp cut-off .25 26 or .10, 27 indicating substantial differences between the RCT sample and the target population. Standardized Dp can be interpreted similarly to Cohen's d effect size. 32 Cohen's d value of 1.62 is equivalent to a 42% degree of overlap between the RCT sample and the target population. This study also demonstrated that the observed promising findings of the TES intervention may not be directly applicable to the potential target population. We showed that significant treatment effects on abstinence at 12 weeks and 6-month follow-up became insignificant after weighting. We also found some suggestive evidence that these differences between the unweighted effects and the weighted effects could be partially explained by the treatment effect heterogeneity across under-and over-represented subgroups of RCT participants, although the RCT sample was not sufficiently powered because exploration of treatment effect heterogeneity was not the primary purpose of the RCT (results available upon request).
The findings of this study are consistent with previous studies by Susukida et al., 15 which found statistically significant differences between the samples from 10 SUD RCTs and the corresponding target populations. The findings are also consistent with Susukida et al., 16 which found the significance of estimated sample treatment effects was different from that of the population effects when the distribution of characteristics of RCT samples were made to resemble the distribution of the target populations by using the same statistical weighting techniques that this study used. Especially in the context of the generalizability of the findings of a web-based SUD intervention, this study's findings echo the findings of the recent study by Blanco et al., 17 which found that the significant treatment effect of TES estimated through RCT was insignificant after weighting the sample to resemble the target populations drawn from the 2001-2002 NESARC data. Our study confirms that their findings hold when the generalizability of the TES RCT was assessed with the target population from more recent years and with a population obtained from administrative data from usual treatment settings across the US. More than 70 % of the patients who were initially invited to the trial did not participate in the TES RCT due to either exclusion criteria or refusal to participate, which might have affected the representativeness of the trial sample and generalizability of the RCT findings to the target population.
Some limitations should be taken into consideration when interpreting this study's findings. First, only a limited number of characteristics were assessed in both the RCT sample and the target population. The presence of co-existing mental and/or physical disorders and other medications that patients received could have Weight is calculated as (1 À p)/p, where p is a propensity score of being in a trial sample. Weight was truncated at 95 percentiles to eliminate extreme weights. ÃÃ p < .01, Ã p < .05. Individuals were considered "abstinent" if they submitted negative urine toxicology sample and they reported no drug use or heavy alcohol drinking (ie, daily consumption of five or more drinks for men and four or more drinks for women) in the last 4 days of the assessment.
potentially affected the probability of RCT participation, and impacted treatment results. Therefore, the estimated propensity scores did not reflect such characteristics that may have differed between the RCT and the target population. Future studies should explore more potential treatment effect modifiers that over-or under-represent in RCT samples as compared to the target populations because these variables can compromise generalizability of the RCT findings. 33 Also, future studies would benefit from a method recently introduced by Nguyen et al, 34 which allows researchers to estimate the population treatment effects in cases where treatment effect modifiers are not observed in target populations, but only in RCTs. Second, although the TEDS-A is one of the largest administrative data sources that covers patients with SUD in the US, some states exclude patients whose treatment is not covered by the state substance use agency funds such as the Federal Block Grant fund. 35 Patients who received treatment at private hospitals are usually excluded from the TEDS-A unless these treatment settings are licensed by the state SUD treatment agency. Therefore, the TEDS-A may not completely represent the entire population of patients with SUD in the US.
Notwithstanding these limitations, findings from this study provide insights into differences between the RCT participants of a web-based SUD intervention and the target population from recent years. The results of this study also indicate how poor sample representativeness of the RCT compared with the target population impacted the observed findings of the webbased SUD intervention. Given the great potential for scalability of web-based SUD interventions, 7 the representativeness of the sample with regard to the target population of potential users for this intervention should be carefully considered. Also, with a careful consideration of treatment effect modifiers which are over-or under-representing in RCTs, application of generalizability weights could be a potentially useful tool for assessing and improving the generalizability of the findings from RCTs when the RCT sample does not well-represent the target population.
